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(57) ABSTRACT

A composition for manufacturing a foam material based on
flavonoid tannins, includes a flavonoid tannin powder mainly
of the prorobineditinidin and/or the profisetinidin type,
according to an amount in weight in the range between 40%
and 45% of the composition, furfuryl alcohol, a blowing
agent, and a catalyst. The composition is totally formalde-
hyde-free, and contains an amount of furfuryl alcohol greater
than 20% in weight of the composition. The composition
makes possible to obtain foam materials of high characteris-
tics and low cost, that can typically be used in the fields of
building and in the automotive industry and in the vehicles in
general.

20 Claims, 4 Drawing Sheets
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COMPOSITION FOR MANUFACTURING A
TANNIN-BASED FOAM MATERIAL, FOAM
MATERIAL OBTAINABLE FROM IT, AND
MANUFACTURING PROCESS THEREOF

The present invention generally refers to foam materials
adapted to be used in a wide range of applications and, typi-
cally, in the fields of building and in the automotive industry
and in the vehicles in general.

Organic foam materials are known, used for a long time as
insulating materials.

For example, polystyrene foam, polyurethane foam, min-
eral wool, cellulose wadding, wood-wool, hemp, and phe-
nolic resin based foam materials are part of this category of
materials.

However, polystyrene and polyurethane based foam mate-
rials, in spite of the fact that they have high thermal insulation
properties, are very sensitive to fire and easily flammable, and
they release very toxic gases during their combustion. How-
ever, phenolic foam materials, having better fire resistance
properties, are more brittle and expensive.

Moreover, all these known foam materials have synthetic
origin and contain chemical products deriving from petro-
chemical industry, and therefore are not renewable sub-
stances since their availability in nature is limited. Between
these, wood-phenolic and tannin-resorcinol based foam
materials are very brittle and comprise remarkable amounts
of petrochemical compounds, therefore are not renewable
and, after all, they are little eco-compatible.

In particular, the invention relates to a composition for
manufacturing a tannin-based foam material, of the type
defined in the preamble of claim 1.

Flavonoid tannin based foam materials are already known,
which flavonoid tannins consist of small polyphenolic mol-
ecules, mainly water-soluble, extracted from several plant
species.

In particular, the invention refers to compositions based on
tannins of the prorobineditinidin and profisetinidin type, typi-
cally obtained from barks of mimosa (4cacia mearnsii) or
acacia (Acacia mangium) trees, or from quebracho (Schinop-
sis lorenzii and/or Schinopsis balansae) wood, through a not
polluting extraction process carried out by means of warm
water with or without additives, or by organic solvents. In
particular, flavonoids of tannins are natural occurring prod-
ucts so that they are renewable, available in nature in great
amounts, and they are not petrochemical derivatives.

Formulations used up to now in order to obtain foam mate-
rials containing tannins, potentially contain also relatively
meaningful formaldehyde amounts, that is a polluting, toxic
and carcinogenic product.

In particular, a composition is already known, used for
manufacturing tannin based foam materials, that comprises
44.2% in weight of tannin, 15.5% in weight of furfuryl alco-
hol (FA), 10.9% in weight of formaldehyde (Fo), 4.4% in
weight of diethyl ether (DEE), and 16.2% in weight of p-tolu-
enesulfonic acid (p-TSA). This known composition is
reported in the following as standard (STD).

However, ithas been confirmed that formaldehyde releases
into the air substances that can cause irritations and inflam-
mations of the skin, of the eyes and of respiratory tracts, as
well as adverse neurological effects such as headache, verti-
gos and fatigue, and that can also promote development of
allergies and childhood asthma. Therefore, formaldehyde has
been classified as a “suspicious carcinogenic” element in the
UE, and as “surely carcinogenic” for the CIRC (Center of
International Research on the Cancer, under the authority of
the OMS).
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As a result of standards that will be in force in short term
(PNSE2), it will be compulsory to identify emissions from
products containing formaldehyde, used for example for ther-
mal insulation.

It would be therefore advisable to obtain a foam material by
a composition comprising as much as possible resources
available in nature, therefore of the renewable type, in par-
ticular without any need to use petrochemical based sub-
stances, having moreover low thermal conductivity proper-
ties, high fire resistance, low cost, easy preparation, low
friability and good water resistance, and at the same time
lacking in formaldehyde.

In particular, the object of the invention is to provide a
composition for manufacturing a tannin based foam material,
having the above mentioned desired features.

This object is reached by a composition as defined in
appended claims 1 to 10.

By virtue of the composition subject of the invention, in
view of the fact that the composition according to the inven-
tion comprises essentially tannin, furfuryl alcohol, a blowing
agent and a catalyst, and by virtue of the fact that the compo-
sition contains an amount of furfuryl alcohol of 20% in
weight and lacks completely in formaldehyde, it is possible to
obtain a foam material of ecological origin, non toxic and the
90% of which is based on resources available in a great
amount in nature, non petrochemical based.

In fact, furfuryl alcohol is a naturally occurring product
deriving from catalytic reduction of furfural, that is obtained
as a residual from hydrolysis of sugars of agricultural har-
vests.

Moreover, the foam materials obtainable from this compo-
sition are extremely light, little expensive, easy to produce,
and have characteristics of good mechanical strength, high
fire resistance, high degree of infusibility, absolute non flam-
mability, reduced thermal conductivity, and therefore good
properties of thermal insulation, as well as of water resis-
tance, compressive strength, and a better flexibility than that
of the foam materials known up to now.

These characteristics makes extremely interesting for its
use the foam material obtainable from the composition of the
invention, in particular in the field of building materials, in the
automotive industry and in the industry of vehicles in general.

Moreover, the subject of the invention is a foam material
obtainable from said composition, such as defined in claim
11, as well as a process for manufacturing such foam material,
as defined in claims 12 to 15.

Further characteristics and advantages of the invention will
be clarified by the following detailed description, provided as
a non limitative example and referred to the appended draw-
ings in which:

FIG. 1 comprises a series of electron microscope images a)
to f) the for sections of samples of foam materials obtained
starting from a composition according to the invention, as
well as an image g) of a sample of a foam material obtained
starting from a standard formulation according to the prior
art,

FIG. 2 is a diagram showing the bulk density of a series of
foam materials according to the invention comprising 30 g of
tannin, as a function of the respective amount of furfuryl
alcohol,

FIG. 3 is a diagram showing the thermal conductivity of a
series of samples of foam material obtained from the compo-
sition of the invention, and of several foam materials known
in the art, as a function of the respective bulk density, and

FIG. 4 is a diagram showing the characteristic stress/strain
curves obtained for a series of samples of foam materials



US 9,302,413 B2

3

according to the invention, and for a foam material obtained
starting from a standard formulation of the prior art.

GENERAL DESCRIPTION OF THE
COMPOSITION

A foam material according to the invention is obtained
starting from a composition that mainly includes flavonoid
tannin of the prorobineditinidin and/or profisetinidin type in
the form of a powder, furfuryl alcohol (2-furylmethanol or
2-furancarbinol), a blowing agent, and a catalyst.

The tannin powder is used according to an amount in
weight in the range between 40% and 45%.

The furfuryl alcohol is used according to an amount in
weight greater than 20%, with the aim of replacing formal-
dehyde used in the known compositions, in order to avoid at
all any use of formaldehyde in the composition of the inven-
tion and in the respective foam material.

As the blowing agent a liquid is used, the boiling point of
which is between 30° C. and 100° C., ideally between about
40° C. and 60° C., conveniently based on ethyl ether, pentane,
and/or a mixture of isomers of pentane, and preferably con-
sisting, in the following non limitative example, of diethyl
ether.

The catalyst is of the acid, organic or inorganic, based type,
and preferably consists of p-toluenesulfonic acid (p-TSA) or,
as an alternative, trichloroacetic acid.

Water can also be used according to an amount in weight
between 0% and 15% of the composition, for example
between 8% and 9%.

Moreover, an isocyanate can be added to the composition,
such as PMDI (polymeric diphenylmethane diisocyanate)
with the aim of increasing mechanical strength of the foam
material to be obtained.

In particular, the amount of blowing agent (for example
diethyl ether) in the composition is greater than 5% in weight,
and the catalyst amount (for example p-toluenesulfonic
acid—yp-TSA) is smaller than 16% in weight.

The aforesaid composition allows a foam material with
high characteristics to be obtained, such as explained in more
detail in the following, as a result of a process for manufac-
turing the foam material in a mould the shape of which cor-
responds to that of the material to be obtained.

EXAMPLES

Hereinafter, examples are described, for merely illustrative
and non limitative purposes, of compositions that can be used
for manufacturing a tannin based foam material according to
the invention, as well as the relevant manufacturing process,
with particular reference to the following tables 1 and 2.

In table 1, the amounts in weight in grams of the compo-
nents usable to prepare a series of samples of the new foam
material, are shown.

These samples are indicated in general as Fx-y, where x
and y are the amounts of the catalyst (p-TSA) and of the
furfuryl alcohol (FA), respectively. Fo and DEE indicate the
amounts of formaldehyde and diethyl ether, respectively. In
the Table 1, for comparison, the standard composition (STD)

of the known foam material is also mentioned.

TABLE 1
SAMPLE  F9-18 F9-20 F9-22 Fl11-18 F11-20 F11-22 STD
p-TSA (g) 9 9 9 11 11 11 11
FA (g) 18 20 22 18 20 22 105
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TABLE 1-continued

SAMPLE F9-18  F9-20 F9-22 F11-18 F11-20 F11-22 STD
Fo (g) 0 0 0 0 0 0 74
DEE (g) 5 5 5 5 5 5 3
Water (g) 6 6 6 6 6 6 6
Tannin (g) 30 30 30 30 30 30 30

The tannin based foam material lacking in formaldehyde
according to the invention has been prepared as follows.

Initially, furfuryl alcohol (FA: from 18 to 22 g), diethyl
ether (DEE—Dblowing agent: 5 g) and preferably water (6 g),
are stirred together. Then, 30 g of tannin powder are progres-
sively incorporated, by strongly stirring the mass during
about 15 s, for example using a helical stirrer of a type known
per se.

Finally, 9 to 11 g of catalyst, for example an organic acid,
typically consisting of p-toluenesulfonic (p-TSA), is added
by stirring during about 20 s, and the mixture is poured in a
mould the shape of which corresponds to that of the foam
material intended to be obtained.

After a variable waiting time, of the order of some minutes,
the catalyst starts auto-polymerization of the furfuryl alcohol
with the tannin. This reaction, which is exothermic, generates
heat and causes the blowing agent (DEE) to boil, which
causes the beginning of the expansion step of the mixture in
the mould. As an alternative, the heat necessary to the expan-
sion of the composition can be supplied, also just in part, from
an outer heat source.

Expansion takes place after a waiting time of some min-
utes, and it allows the mould to be filled in the best manner,
until the foam material takes a shape corresponding to that
defined by the mould. In this manner, it is possible to obtain a
shape of the foam material of any geometry and volume.

In the following Table 2, the compositions of the same
samples mentioned in the Table 1, including the standard
composition comprising formaldehyde, are provided, that are
referred to the percentages in weight of their components.

TABLE 2
SAMPLE  F9-18 F9-20 F9-22 FI11-18 F11-20 F11-22 STD
p-TSA (%) 132 129 125 157 153 149 162
FA (%) 265 286 306 257 278 297 155
Fo (%) - = — — — — 109
DEE (%) 74 71 69 7.1 6.9 68 44
Water (%) 88 86 83 8.6 8.3 81 88
Tannin (%) 441 429 417 429  4L7 405 442
TOTAL 100% 100% 100%  100%  100%  100% 100%

With reference to the amounts of Table 2, in a first step of
the manufacturing process of the foam material, the furfuryl
alcohol, according to an amount in weight greater than 20%,
and the blowing agent, typically diethyl ether according to an
amount in weight greater than 5%, are stirred together.

Preferably, water according to an amount in weight
between about 8% and 9% of the final composition, is added
to the mixture so obtained.

The tannin powder is then incorporated in the mixture so
obtained, according to an amount between 40% and 45% in
weight, and the mixture is stirred again.

Then, an acid based catalyst, typically p-toluenesulfonic
acid (p-TSA) or, as an alternative, trichloroacetic acid, is
added according to an amount in weight smaller than 16%,
and stirred with the mixture.
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An isocyanate can also be added to the mixture, such as
PMDI, for example according to an amount variable between
5% and 20% in weight of the composition.

The mixture so obtained is poured into the mould, where
the expansion thereof takes place, such as like previously
described.

In particular, the formulation of the composition is opti-
mized in order to prevent a too fast hardening of the foam
material, and in order to avoid or minimize formation of
porosities in the material, and also so that the material can not
endure any sag or collapse as a result of a too long hardening
step. In particular, by virtue of the appropriate balance
between expansion and hardening of the foam material, it
neither collapse nor breaks.

The same process was used to prepare the standard tannin
based foam material (STD) containing formaldehyde, in
order to compare the materials according to the invention and
the material of the standard composition, as reported in the
following.

Examination of the Samples Obtained

Allthe samples of the foam materials obtained as described
above, were cut in the shape of parallelepipeds, and were
weighted in order to measure their bulk density.

All the samples proven to be homogenous and lacking in
defects.

The small samples obtained were then metalized with gold,
and examined by a Hitachi S 520 scansion electron micro-
scope (SEM).

Their thermal conductivity was measured at room tem-
perature with the TPS (transient plane source—Hot Disk TPS
2500) method, and also the measure of their compressive
strength was carried out, by an Instron 4206 universal test
machine having a load ratio of 2.0 mm/min.

FIG. 1 shows the images obtained by the SEM with 50x
magnification, for sections of the samples mentioned above,
particularly in connection with the compositions F9-18 (a),
F9-(b), F9-22 (c), F11-18 (d), F11-20 (e) and F11-22 (f) as
mentioned in Tables 1 and 2, as well as for a section of the
sample with the standard formulation containing formalde-
hyde (g) according to the prior art.

Structure of the Samples Obtained

As it can be noticed from the images of FIG. 1, the structure
of the most of the foam materials obtained shows closed and
opened cells, spaced by thin membranes from the near cells.
In some zones, the membranes are broken, particularly in the
case of higher amount of furfuryl alcohol, such as in the case
of the samples (b), (¢), (d) and (f).

As aresult of a greater amount of p-TSA in the formulation
(samples (d), (e), (f)) the structure of the foam material has
relatively smaller cells, even if such effect is of small entity.

On the other hand, high amounts of furfuryl alcohol (FA)
does not involve a clear effect on the average dimension of the
cells, but they cause a meaningfully reduction in the bulk
density of the relevant material. At any rate, it is preferable to
use amounts of furfuryl alcohol only within a narrow range
(from 18 to 22 g, with reference to Table 1), otherwise the
foam material is little stable and little homogenous.

FIG. 2 shows the bulk density (g/cm®) of the samples of the
foam material according to the invention, that is in connection
with the compositions F9-18, F9-20, F9-22, F11-18, F11-20
and F11-22, as a function of the amount in weight of furfuryl
alcohol used in the relevant compositions, and referred to
samples of foam material containing 30 g of tannin.

As it can be noticed from FIG. 2, by increasing the amount
of furfuryl alcohol, the bulk density of the respective foam
material is reduced, and therefore, in other words, the mate-
rial is “more expanded”. In fact, a higher amount of furfuryl
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alcohol causes a more exothermic reaction, which serves as
the basis for the growth of the relevant foam material. There-
fore, less catalyst can be used (9 g rather than 11 g) without
appreciably moditying the structure of the foam material. The
tannin absorbs a part of the heat, which makes the foam
material homogenous and causes a rather slow growth of it.
Properties of the Foam Materials of the Invention

In general, it has been found that, with the composition of
the present invention and in comparison with the standard
composition of the prior art, the substitution of formaldehyde
by greater amounts both of furfuryl alcohol or the blowing
agent, allows a foam material to be obtained the characteris-
tics of which are generally better than those obtainable by the
standard compositions, and that, at any rate, allows any use of
formaldehyde to be avoided.

In FIG. 3, thermal conductivities (W/m/° K) of the tannin
based foam materials according to the invention are shown, as
a function of the relative bulk density (g/cm?), in comparison
with thermal conductivities of other foam materials known in
the art, in particular of phenolic (PF), urea-formaldehyde-
furfuryl (UFF) alcohol based, polyurethane (PU) based, phe-
nolic wood (LPF) based and polyethylene (PE) based foam
materials.

It can be noticed that the materials of the present invention
have a lower thermal conductivity in view of a low bulk
density, and therefore their thermal insulation characteristics
are fully comparable with those of the polyurethane (PU)
based foam materials, and are better than those of the phe-
nolic (PF), Or alcohol urea-formaldehyde-furfuryl (UFF)
based foam materials. It must be taken into account that,
however, PU based foam materials are more fire sensitive and
they release highly toxic compounds during their combus-
tion.

Inthe case of the materials according to the invention, their
non flammability characteristic, owing to the presence of
furfuryl alcohol and tannin, makes them more favourable
with respect to PU based materials.

In particular, between the tannin based foam materials, the
thermal conductivity of those according to the present inven-
tion is lower than that of the standard (STD) composition
containing formaldehyde, and therefore they are proven to be
better from a thermal insulation point of view.

In FIG. 4, the stress/compressive strain characteristics of
the tannin based materials according to the invention are
shown, in particular obtained for the foam material samples
of'the compositions F9-18,F9-20, F9-22, F11-18,F11-20and
F11-22, in comparison with the characteristics of the sample
of the standard (STD) foam material containing formalde-
hyde.

The curves of FIG. 4 show the typical shape expected from
solids provided with a cellular structure, similar to that
obtainable for the standard formulation containing formalde-
hyde. In particular, the stress/strain curves have three clearly
recognizable zones: an initial zone of linear elastic response,
a substantially flat intermediate zone or “plateau”, and a final
“densification” zone. The most of the foam materials accord-
ing to the invention have a good elastic behavior, and there-
fore a smaller rigidity, with respect to the standard (STD)
material, except for the composition F11-18. Consequently,
foam materials obtained from compositions F9-18, F9-20,
F9-22, F11-20 and F11-22, are less brittle than the standard
(STD) material containing formaldehyde, and therefore they
do not break easily. Moreover, their module of elasticity is
meaningfully smaller. This involves a meaningful improve-
ment with respect to the previously known tannin and form-
aldehyde based formulation.
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This behavior is owed to the fact that formaldehyde easily
immobilizes tannin molecules during cross-linking, and
therefore it strongly reduces mobility of such molecules,
which causes an incomplete polymerization and the forma-
tion of a brittle polymeric lattice of the vitreous type. There-
fore, absence of formaldehyde in the compositions of the
present invention allows a much higher flexibility to be
obtained in the polymer chains of the relevant foam materials.

Usually, foam materials are classified as rigid, partially
rigid or flexible, on the basis of their compressive strength:
>0.08 MPa, 0.015+0.08 MPa and <0.015 MPa, respectively.

The foam materials of the F9-18, F9-20, F9-22, F11-18 and
F11-20 type according to the invention are essentially rigid,
while the material of the F11-22 type, having the lower bulk
density (FIG. 2), is actually soft. Since the material F11-22 is
also that showing the smallest thermal conductivity, of about
0.038 W/m/° K (FIG. 3), it is particularly interesting because
it combines a relevant lightness and very good insulation
qualities besides its natural origin, with fire-proof and low
cost properties.

Moreover, the foam materials of the invention are consid-
erably less hydrophilic than the similar materials containing
formaldehyde, and they have a very low wettability. In fact, a
water drop placed on their surface requires a very long time,
in the order of 5+10 minutes, to be slowly soaked since, owing
to porosity of the material, water is gradually dispersed in it.

Instead, in the previously known standard formulation,
water is soaked in a very fast manner, and the water amount
that can be soaked by the dry foam material, may reach up to
seven times its initial weight.

In conclusion, a tannin based foam material according to
the invention can be obtained as a result of a “more ecologi-
cal” preparation, without any use of formaldehyde.

The materials according to the invention, compared with
the first generation of tannin based foam materials containing
formaldehyde, have in general a lower bulk density, a lower
reduced thermal conductivity that makes them adapted to be
used as thermal insulating materials, and a lower hydrophily.
Also, they are much less brittle than the similar materials
containing formaldehyde, and they have a higher flexibility
and a low friability, as well as good characteristics of
mechanical strength. Moreover they do not burn and are auto-
extinguishing and, if subject to a high amount of heat, con-
sumes slowly.

The invention claimed is:

1. A composition for manufacturing a foam material based
on a prorobineditinidin tannin and/or a profisetinidin tannin
comprising between 40% and 45% by weight of the compo-
sition of the tannin, furfuryl alcohol, a blowing agent, and a
catalyst,

wherein the composition contains an amount of furfuryl

alcohol greater than 20% in weight of the composition,
and in that the composition is totally formaldehyde-free.

2. The composition according to claim 1, wherein said
blowing agent has a boiling point between 30° C. and 100° C.

3. The composition according to claim 2, wherein said
blowing agent is based on ethylether, pentane, and/or a mix-
ture of pentane isomers.

4. The composition according to claim 3, wherein said
blowing agent is diethyl ether.
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5. The composition according to claim 1, wherein said
catalyst is based on an acid, of the organic or of the inorganic
type.

6. The composition according to claim 5, wherein said
catalyst is p-toluensulfonic acid (p-TSA).

7. The composition according to claim 5, wherein said
catalyst is trichloroacetic acid.

8. The composition according to claim 1, wherein the com-
position contains an amount of blowing agent greater than 5%
in weight, and an amount of catalyst smaller than 16% in
weight of the composition.

9. The composition according to claim 1, wherein the com-
position contains up to 15% in weight of water.

10. The composition according to claim 8, wherein the
composition also contains an isocyanate.

11. The composition according to claim 2, wherein said
blowing agent has a boiling point between 40° C. and 60° C.

12. The composition according to claim 10, wherein the
isocyanate comprises a polymeric isocyanate (PMDI).

13. A process for manufacturing a product of organic foam
material usable as a thermal insulator, said process compris-
ing the steps of:

providing a mould having a shape which corresponds to

that of the product to be obtained,

providing furfuryl alcohol and a blowing agent having a

boiling point in the range between 30° C. and 100° C.,
and mixing together such components,

providing a flavonoid tannin powder, comprising a prorob-

ineditinidin tannin and/or a profisetinidin tannin, and
incorporating the flavonoid tannin powder in the mixture
of the furfuryl alcohol and the blowing agent, and mix-
ing the mixture so obtained,

adding an acid-based catalyst to the mixture obtained, and

mixing,

pouring the mixture thus obtained into the mould, and

allowing the components react until the composition is
completely foamed in the mould.

14. The process according to claim 13, further comprising
the step of adding a predetermined amount of water to the
mixture of furfuryl alcohol and blowing agent.

15. The process according to claim 13, wherein the furfuryl
alcohol is provided in an amount greater than 20% in weight
of the composition, the blowing agent is provided in an
amount greater than 5% in weight of the composition, water
is provided in to an amount between about 0% and 15% in
weight of the composition, the catalyst is provided in an
amount less than 16% in weight of the composition, and the
tannin is provided an amount between 40% and 45% in
weight of the composition.

16. The process according to claim 15, further comprising
the step of adding an isocyanate to the aforesaid mixture of
components.

17. The process according to claim 16, wherein the isocy-
anate comprises a polymeric isocyanate (PMDI).

18. The process according to claim 13, wherein the acid-
based catalyst comprises p-toluensufonic acid (p-TSA) or
trichloroacetic acid.

19. The process according to claim 13, wherein the blow-
ing agent comprises diethyl ether.

20. The tannin-based organic foam material, obtained by
the process of claim 17.
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